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n June 1990, an international multidisciplinary meeting was held at Utstein Abbey, near Stavanger, Norway. At this meeting, by consensus, uniform terms and definitions for outcomes after out-of-hospital cardiac arrest (OHCA) resuscitation and terms and definitions for variables to be measured were agreed on. It is widely held that, if we can agree on how and what to measure in cases of OHCA, we can better understand those variables that are associated with higher survival rates, and test interventions to improve survival from this devastating condition. In 2014, an International Liaison Committee on Resuscitation consensus statement 1 updated the data elements and definitions to incorporate 5 data element domains, including system factors, dispatch factors, patient factors, process factors, and outcomes that were all important in understanding the landscape of OHCA. 1 A large number of well-conducted observational studies and registries have confirmed that those prehospital factors most associated with improved survival include cardiac arrest in a public place, prompt recognition by bystanders that the arrest has occurred, the provision of any (and preferably high-quality) cardiopulmonary resuscitation (CPR) by bystanders, the use of an automated external defibrillator (AED), and a brief, as opposed to a prolonged, time interval from the emergency medical services (EMS) activation until the arrival of professional rescuers.
Somewhat frustratingly, many, if not most, randomized clinical trials conducted prehospital in patients with OHCA have failed to show any benefit from prehospital interventions that were expected to be effective at improving neurologically intact survival. These include the provision of defibrillators in the home for patients at high risk 2 ; the use of an impedance threshold device that was expected to improve the quality of myocardial and cerebral perfusion during CPR 3 ; the delay of ECG analysis by paramedics to allow high-quality CPR and brain and cardiac perfusion before a defibrillation shock 4 ; the use of antiarrhythmic drugs (amiodarone or lidocaine) versus placebo in shock-resistant ventricular fibrillation 5 ; the use of any intravenous drug therapy versus no intravenous drugs in advanced cardiac life support 6 ; and an extremely small absolute benefit (<0.5% absolute improvement in neurologically intact survival) after intravenous epinephrine. 7 The study by Chocron and colleagues 8 in this issue of Circulation addresses 1 element of the chain of survival in understanding the events that can contribute to or detract from survival after OHCA. The metaphor was first published in 1981 in a newsletter of CPR for Citizens in Orlando, Florida, and subsequently published in the Journal of Emergency Medical Services and adopted by the American Heart Association, and eventually worldwide. In the study by Chocron et al, the elements of OHCA associated with improved survival that are related to patient or EMS system factors included witnessed © 2019 American Heart Association, Inc.
https://www.ahajournals.org/journal/circ Circulation arrest, bystander CPR, arrests in a public location, a shockable initial rhythm, low epinephrine dose, and a higher number of advanced life support (ALS) units in a predefined geographic area in Paris, France. 8 Whether a patient survives an OHCA depends on the convergence of many factors that are hard to measure and not straightforward to articulate. An inversion of Tolstoy's dictum that "Happy families are all alike; every unhappy family is unhappy in its own way" may be stated as: "In cardiac arrest, every successful resuscitation is successful in its own way."
The critical factors in patient survival after cardiac arrest are the ones that are very difficult to measure and measure accurately. Most important is the time from cardiovascular collapse to when witnesses recognize the life-threatening situation. It is a truism that, if the arrest is witnessed, this interval will be shorter than if it were not witnessed; however, the time intervals from collapse to bystander recognition and starting some course of action can be extremely variable. In cardiac arrest, seconds and minutes count. We can infer from a study in casinos by Valenzuela et al 10 that, if this interval is short, ≈3 minutes (known because of video recordings), all witnessed patients have ventricular fibrillation as the initial recorded rhythm, and if prompt defibrillation is performed, survival is ≈60%. Similarly, if cardiac arrest occurs during a sporting event, with witnesses present and a rapid response system that can be activated within minutes, survival can be >90% in sports centers with an AED onsite. 11 Anecdotally, successful resuscitations all have some elements of prompt expert initial response in common, including immediate recognition that an arrest has occurred, immediate or rapid start of effective CPR (although survival is enhanced even with presumably inexpert or imperfect CPR), prompt deployment of an AED (which is unfortunately infrequently the case, although AED use is associated with a dramatic improvement in survival), and early arrival of professional rescuers.
The benefits of advanced, as opposed to basic life support (ie, the ability of rescuers to perform endotracheal intubation or other advanced airways, administer intravenous drugs [eg, epinephrine, antiarrhythmics], and provide mechanical CPR) seem logical but unfortunately are unproven in comparison with the provision of high-quality CPR and defibrillation alone. Clinical trials showing no benefit comparing ALS with basic life support provided by trained rescuers, 12 no benefit of intravenous access and drug therapies in comparison with no intravenous access, 6 and minimal if any benefit of intravenous epinephrine to placebo, 7 suggest that ALS medications are perhaps the least important of interventions contributing to improved survival from OHCA. Results from recent observational studies comparing ALS with basic life support care have been mixed, in part because of unmeasured (or immeasurable) confounders. 13, 14 It remains unclear what aspects of ALS care significantly improve patient outcomes in cardiac arrest.
Chocron et al 8 showed that geographic areas where the number of ALS units with emergency physicians on board was >1.5 were associated with a small (1.3) adjusted odds ratio for survival to hospital discharge. It is important to note that, although this increase in survival was associated with more ALS units, many variables that are likely extremely important in survival were not measured or reported in this study, including the time from collapse to the call for EMS; the time from the call to the deployment of ALS units; the time from collapse to defibrillation; the total no-flow time, which is the total duration from collapse until CPR is started; and the total low-flow time, which is the time from the start of CPR until return of spontaneous circulation. In this observational study, there may have been systematic differences in districts that have a higher number of ALS units than those districts with fewer ALS units. Examination of the maps of Paris in the study indicates that 1 of the districts with the most ALS units (3.5) had a survival of >12%, but another district in the northern part of Paris had a survival of <6% with the same number of ALS units and a slightly higher population density. As a consequence, although there is a small association between the number of ALS units and survival after adjustment for known factors that influence OHCA survival, it seems unlikely that merely adding more ALS units would necessarily result in substantially higher overall outcome.
It is known that public location is an important determinant of survival with a higher likelihood of being witnessed by bystanders. It is interesting that the proportion of arrests in a public location was only 15.1% in the lowest return of spontaneous circulation neighborhood in comparison with 39.8% in the highest return of spontaneous circulation neighborhood, but the witness and bystander CPR rates between neighborhoods were similar regardless of population density. In a densely populated urban area, there will be inevitable delays from the time of EMS arrival on scene to the actual start of resuscitation because rescuers may have to enter a building and navigate stairways, elevators, and interior locations to reach the patient. Studies have shown that cardiac arrests occurring in high-rise buildings are associated with a decreasing probability of survival even if the time to arrival of EMS personnel on scene is relatively short. 15 Every cardiac arrest ultimately has its own narrative. Stories of survival almost always include some elements of immediate bystander recognition and CPR, early activation of emergency medical systems, use of an AED, and high-quality CPR by EMS. Sadly, these elements are often absent in the majority of cases, leading to low overall survival rates. An extreme example would be the widely viewed video of Zeke Upshaw, a professional basketball player who recently collapsed and died on court in full view of thousands of spectators, players, coaches, and trainers, who did not perform CPR promptly or apply an AED.
Interventions to increase the prompt recognition of cardiac arrest, application of AEDs, high-quality bystander CPR with minimal interruptions, and activation of professional basic life support care may be more effective (and cost-effective) than adding additional ALS vehicles in dense urban environments. 
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